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Abstract (max 300 words, nu 287) 31 
Objective 32 
To assess current nutritional practices in critically ill children worldwide.  33 
Design 34 
A two-part online, international survey. The first part, the survey, was composed of 59 questions 35 
regarding nutritional strategies and protocols (July-November 2013). The second part surveyed 36 
the point-prevalence of nutritional data of patients present in a subgroup of the responding 37 
PICUs (May-September 2014).  38 
Setting 39 
Members of the World Federation of Pediatric Intensive and Critical Care Societies were asked 40 
to fill out the survey. 41 
Subjects 42 
Pediatric critical care providers. 43 
Interventions 44 
Survey. 45 
Measurements and Main Results 46 
We analyzed 189 responses from 156 PICUs in 52 countries (survey). We received nutritional 47 
data on 295 patients from 41 of these 156 responding PICUs in 27 countries (point-prevalence). 48 
According to the survey, nutritional protocols and support teams were available in 52% and 57% 49 
of the PICUs, respectively. Various equations were in use to estimate energy requirements; only 50 
in 14% of PICUs indirect calorimetry was used. Nutritional targets for macronutrients varied 51 
widely. Enteral nutrition (EN) would be started early (within 24 hours of admission) in 60% of 52 
PICUs; preferably by the gastric route (88%). In patients intolerant to EN, parenteral nutrition 53 
(PN) would be started within 48 hours in 55% of PICUs. Overall, in 72% of PICUs supplemental 54 
PN would be used if EN failed to meet at least 50% of energy delivery goal. 55 
Several differences between the intended (survey) and the actual (point prevalence) nutritional 56 
practices were found in the responding PICUs, predominantly overestimating the ability to 57 
adequately feed patients. 58 
Conclusion 59 
Nutritional practices vary widely between PICUs worldwide. There are significant differences in 60 
macronutrient goals, estimating energy requirements, timing of nutrient delivery, and threshold 61 
for supplemental PN. Uniform consensus-based nutrition practices, preferably guided by 62 
evidence, are desirable in the PICU. 63 
 64 
 65 
Keywords (max 6): Pediatric; intensive care units; nutritional support; parenteral nutrition; 66 
enteral nutrition; questionnaires 67 
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Introduction 69 
Nutritional support affects recovery and outcome in critically ill children [1-3]. Although 70 
undernutrition has long been the primary focus [1, 4, 5], overfeeding in Pediatric Intensive Care 71 
Units (PICUs) is also prevalent and associated with greater morbidity [6-8]. Despite its clinical 72 
relevance, there is a scarcity of high-level evidence on various aspects of nutritional support in 73 
critically ill children [9, 10]. With grade C as the maximum level of evidence, the available 74 
guidelines for nutrition support in critically ill children are based on insufficient data to make 75 
evidence-based recommendations. 76 
As a result there are no clear guidelines for nutritional support in the PICU. Consensus-based 77 
guidelines provided by expert committees (American Society for Parenteral and Enteral Nutrition 78 
(A.S.P.E.N.), European Society for Clinical Nutrition and Metabolism (ESPEN) and the 79 
European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN)) are 80 
based on expert opinion and extrapolations from studies in adults or non-critically ill children [11, 81 
12]. This potentially allows wide variations in current nutritional support practice for pediatric 82 
patients in ICUs in several European countries as shown in previous studies [13, 14]. The 83 
variability in timing, amount and composition of nutrition would inevitably result in malnutrition 84 
(i.e. underfeeding and overfeeding), which could potentially impact the clinical outcome of 85 
critically ill children. Thereby it could be affecting health care expenses [15].  86 
The purpose of our study was to assess the current nutritional practice in PICUs across the 87 
world. We hypothesized that the limited guidelines available have not been universally 88 
implemented, and that current practice is heterogeneous and mostly physician based. Since the 89 
guidelines at least agree on the importance of enteral nutrition (EN) [11, 16, 17], we expect no 90 
significant differences in this practice between PICUs. Other factors, such as assessment of 91 
energy requirements or use of parenteral nutrition (PN), are more likely to vary between 92 
countries and hospitals given the weak recommendations.  93 
To quantify the variations in clinical practice, we distributed a two-part online survey to PICUs 94 
across the world. The first part of the survey was composed of questions on various aspects of 95 
local nutritional practice. The second part was a point-prevalence survey on nutritional data 96 
collected in all patients present in a PICU on a single day in a subgroup of the responding 97 
PICUs. Answers were analyzed, correlated with PICU characteristics and differences between 98 
the intended (survey) and the actual (point prevalence) nutritional practices were determined. 99 
 100 
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Material and Methods 101 
The local Institutional Review Board waived the need for consent.  102 
The first part of this cross-sectional survey was conducted between July and November 2013. 103 
The online questionnaire (https://erasmusmcsurvey.erasmusmc.nl/picu/), was composed of 59 104 
questions regarding local nutritional protocols and strategies, and provided in English, French, 105 
Spanish and Chinese. The second part (https://erasmusmcsurvey.erasmusmc.nl/sophia-ick/): 106 
the point-prevalence, conducted between May and September 2014, involved data collection on 107 
nutritional practices and nutritional intake for the preceding 24 hours in all patients present in the 108 
participating PICUs. Both questionnaires are included as online digital supplement to this article.  109 
Testing of the clarity, relevance and clinical sensibility of the questionnaire was performed by 110 
independent clinicians in three different centers (Sophia Children’s Hospital-Erasmus MC, 111 
Rotterdam, the Netherlands; University Hospital of Leuven, Belgium; and the Boston Children’s 112 
Hospital, U.S.A.). Data from this test were not included in the final analysis and survey results. 113 
An invitation to the survey was electronically distributed to members of the World Federation of 114 
Pediatric Intensive and Critical Care Societies (WFPICCS) and to specific members of the 115 
European Society of Paediatric and Neonatal Intensive Care (ESPNIC) and Society of Critical 116 
Care Medicine (SCCM) involved in nutritional management. Due to incomplete data registration, 117 
the number of PICUs represented by the WFPICCS database is unknown. A reminder was sent 118 
2 months after the first invitation, and invitations to participate were also send through the 119 
newsletter of both the ESPNIC and WFPICCS and the WFPICCS homepage and LinkedIn 120 
group. Respondents that provided their contact information in the survey, were approached to 121 
participate in the point-prevalence.  122 
 123 
If more than one questionnaire was returned from a single PICU, the answers were weighted by 124 
the inverse of the number of completed questionnaires per center, in order to process conflicting 125 
statements within a single institution without disrupting the weight of the answers per PICU. 126 
Countries were classified by income according to The World Bank income groups [18]. 127 
Individual questions were stratified by continent, income of country, number of PICU beds, 128 
admissions per year and percentage of ventilated patients.  129 
Statistical analysis was performed using IBM SPSS statistics 21 for Windows (IBM, Chicago IL, 130 
USA). Descriptive statistics were used to compare differences in respondent characteristics and 131 
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survey responses. Nutritional data obtained in the point-prevalence, were compared to the 132 
survey results for each participating center. Logistic regression, ordinal or multinomial, 133 
depending on the type of outcome, was used to identify the relation between the answers 134 
provided and the characteristics of the different PICUs. To correct for cluster effects due to 135 
multiple returned questionnaires per PICU, generalized estimating equations were used in 136 
conjunction with robust standard error estimates (Huber sandwich estimator). All statistical tests 137 
were two-sided and statistical significance was defined as a P-value < 0.05. 138 
 139 
This trial was registered in the Dutch Trial Register (NTR) at number 4093 (www.trialregister.nl). 140 
 141 
  142 
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Results 143 
Response 144 
After distribution of the first part of the survey a total of 251 questionnaires were received. Fifty-145 
two questionnaires were removed because of missing essential data. Of the remaining 199 146 
questionnaires, 10 were duplicate replies by the same respondent and therefore deleted. 189 147 
questionnaires were analyzed, representing 156 PICUs in 52 countries and 6 continents as 148 
shown in Figure 1.  149 
For the point-prevalence we collected nutritional data on 295 patients in total, from 41 of the 150 
responding PICUs (26%) from 27 countries on 6 continents with a median input of 5 patients 151 
(IQR 2-9) per PICU. Characteristics of responding PICUs for the point-prevalence were similar 152 
compared to the overall survey respondents (Table 1). 153 
PICU and patient demographics 154 
The responding PICUs in the first part of the survey represented approximately 90,000 155 
admissions per year with a mean annual admission rate of 612 (IQR 296-793) patients. Fifty-two 156 
percent of PICUs were located in North-America and Europe. Fourteen percent of PICUs were 157 
situated in low or lower middle income countries and 86% of PICUs were multidisciplinary. All 158 
PICU demographics are shown in Table 1. 159 
Of the 295 patients included in the point-prevalence, 60% was male and 58% younger than 1 160 
year of age. Median length of stay (LOS) at moment of data collection was 6 days (IQR 2-15), 161 
with 40% of the patients being admitted for more than 7 days. Median weight was 7 kg (IQR 4-162 
16) and 46% of the children were mechanically ventilated.  163 
Nutritional support 164 
According to the first part of the survey, a nutritional protocol was present in 52% of PICUs; 165 
protocol characteristics are shown in Table 2.  A Nutrition Support Team (NST) was available in 166 
57% of the PICUs and 51% of the teams visited the ICU daily. The composition of an NST 167 
differed; it consisted mostly of dieticians (88%) and pediatric intensivists (51%).  168 
In the point prevalence, median caloric intake did not differ between PICUs with an NST (76 169 
kcal/kg/day), nutritional protocol (76 kcal/kg/day) or both (64 kcal/kg/day) or in absence of both 170 
an NST and protocol (58 kcal/kg/day) (p=0.18) in children fed by EN exclusively (n=129). There 171 
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was also no difference in the proportion of children receiving EN in PICUs with and without an 172 
NST and/or protocol. 173 
Nutritional requirements 174 
To predict energy expenditure (EE) different equations were used according to the first part of 175 
the survey, mainly those published by Schofield (25%) and the WHO (25%), but also the Harris-176 
Benedict equation (17%) [19-21]. Twenty-four percent of respondents did not know which 177 
equation was used to calculate EE in their unit. Indirect calorimetry (IC) to measure EE was 178 
used in only 14% of the PICUs .  179 
Protein targets recommended by the A.S.P.E.N. and ESPEN/ESPGHAN guidelines were 180 
respectively followed in 31% and 36% of PICUs when selecting a guideline-recommended-181 
protein targets that was closest to the local target protein intake in the PICU. This reflects an 182 
age-dependent range of 0.9 to 3 g protein/kg/day [11, 12]. Lipid targets ranged from < 1.5 to > 183 
3.5 g/kg/day; where the range of 1.5 to 2.5 g/kg/day was predominantly used (41%). Sixteen 184 
percent and 7.9% of the respondents did not know what their protein and lipid targets were, 185 
respectively. 186 
In the point-prevalence, median caloric intake was 66 kcal/kg/day (IQR 49-96) for children on 187 
EN exclusively (n=129); intake per kg of weight decreased significantly with age as expected 188 
(p<0.001, Fig. 2). In 31% of the children the caloric intake was lower than basal metabolic rate 189 
calculated by the weight-based Schofield equation; for the WHO equation this was 27%. Median 190 
protein intake was 1.8 g/kg/day (IQR 1.2-2.6); only 34% of the children met the intended target 191 
protein intake of their PICU as mentioned in the survey.  192 
Timing and route of nutrition 193 
In the first part of the survey, an early start (within 24 hours after admission) of enteral nutrition 194 
(EN) was mentioned for 60% of PICUs; in 31% EN would even be started within 12 hours (Fig. 195 
3). Fifty-nine percent of the respondents had the perception that they were able to feed patients 196 
exclusively by enteral route within 3 days post-admission. The gastric route was preferred for 197 
enteral nutrition in ventilated (67% of PICUs) and non-ventilated patients (88%). Pro-kinetics 198 
were prescribed when a patient was not tolerating feeds in 70% of PICUs.  199 
Early parenteral nutrition (PN) was started within 48 hours after admission in 55% of PICUs, 200 
while only in 3.5% of PICUs there would be a waiting time of at least 7 days to start PN (Fig. 3). 201 
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When EN was insufficient, respondents from 18% of the PICUs would always supplement PN, 202 
whereas in 7.5% additional PN would never be utilized. Seventy-two percent supplemented PN 203 
if EN failed to meet 50% of target calories; 24% if EN failed to meet 80%. PN was stopped in 204 
64% of PICUs when EN covered > 80% of the nutritional targets. 205 
At the moment of our point-prevalence 73% of the children received EN (n=216), predominantly 206 
by gastric tube (70%). There was no difference in caloric intake (p=0.82) or in pro-kinetics use 207 
(p=0.47) between children fed by gastric or post-pyloric route. Forty-two percent of children with 208 
a length of stay < 24 hours (n=43) were already receiving EN and in children with a length of 209 
stay of 2 days or more (n= 253) EN in some form was provided in 78%. Twenty-one percent of 210 
all children received PN in some form and 10% received a combination of EN and PN; both 211 
groups at a median length of stay of 6.5 days. The point-prevalence showed that the ability to 212 
administer exclusive EN was overestimated; 40% of children (n=74) present during the point-213 
prevalence achieved exclusive EN later than perceived by the respondent from the first part of 214 
the survey.  215 
Glucose and glycemic control 216 
In the first part of the survey, target intake of glucose during the first 12-24 hours of admission 217 
varied between < 2 to > 6 mg/kg/min for different weight ranges (Fig. 4). In 62% of the PICUs a 218 
protocol for some form of “tight” glycemic control was available. Target blood glucoses were 219 
defined as < 10 mmol/L (180 mg/dL) in 54%, and < 8 mmol/L in 23%. Tight glucose control (2.8-220 
4.4 mmol/L or 50-80 mg/dl < 1 year or 3.9-5.5 mmol/L or 70-100 mg/dl 1-16 years) as reported 221 
by Vlasselaers et al [22] was practiced in 10% of PICUs.  222 
At the time of the point-prevalence, 20 children, median weight 8.1 kg, received exclusive  223 
glucose infusion while being admitted < 24 hours; median glucose intake was 1.7 mg/kg/min 224 
(IQR 0.3-2.3). Seventy-five percent received less glucose than their target glucose intake (Fig. 225 
4).   226 
Insulin was administered in 32 children (11%); 24 children on insulin were admitted to a PICU 227 
with a glucose target < 10 mmol/L (180 mg/dL), 5 to a PICU that practiced tight glucose control 228 
as reported by Vlasselaers et al [22]. 229 
Administration of parenteral lipids and protein 230 
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According to the first part of the survey, lipids were supplied in different compositions (Table 3) 231 
and in 44% of PICUs a step-up protocol was used that would start at 50% of the maximal dose. 232 
Lipid intake was decreased when triglycerides were 3.5-5.5 mmol/L (in 69%) and stopped when 233 
triglycerides exceeded 5 mmol/L (in 70%). In case of sepsis, lipid administration was decreased 234 
or stopped in 50% of PICUs. Reasons provided to decrease or stop the intake of protein were 235 
kidney failure (65%) and urea levels >15 mmol/L (75%). 236 
Geographic and socioeconomic differences 237 
An NST was more often available in PICUs situated in North America (p=0.014), South America 238 
(p=0.005) and Oceania (p=0.013) than in Europe and in PICUs with more admissions per year 239 
(p=0.029). A higher percentage of nutritional protocols (p=0.006) and support teams (p<0.001) 240 
were available in high-income countries than low-middle ones. As expected, protein targets in 241 
North American PICUs were more often based on A.S.P.E.N. (p=0.011) and less frequently on 242 
ESPEN/ESPGHAN guidelines (p<0.001) than protein targets in Europe. EN was started earlier 243 
in PICUs in high-income countries (81% within 24 hours) than in lower-middle-income countries 244 
(74% within 24 hours, p=0.012). PN was started later in PICUs in North America (median 2-4 245 
days, p=0.02) and Asia (median 2-4 days, p=0.06) than in PICUs in Europe (median < 48 hours) 246 
in a child intolerable to enteral feeds. An overview of the adjusted Odds Ratios per continent is 247 
provided in Table 1 of the online supplement.  248 
 249 
Discussion 250 
Nutritional practices vary greatly between PICUs worldwide. Several aspects of nutritional 251 
support differ significantly; such as macronutrient goals, preferred route and timing of nutrient 252 
delivery, estimation of energy requirements, and the threshold for supplemental PN use. These 253 
differences were apparent between PICUs in general, and also between geographic and 254 
socioeconomic regions. Many of these areas currently lack evidence. In addition, applied 255 
nutritional practice deviates from local protocols or strategies on multiple occasions as shown in 256 
our comparison of survey and point-prevalence results per PICU, increasing the variation of 257 
clinical nutritional practice even more.  258 
Globally, guidelines for nutritional support are released by nutritional organizations. The 259 
American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.) and European Society for 260 
Clinical Nutrition and Metabolism combined with the European Society for Paediatric 261 
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Gastroenterology Hepatology and Nutrition (ESPEN/ESPGHAN) provide specific guidelines for 262 
nutrition in critically ill children. However, they do not advise on every aspect of nutritional 263 
support. Agreements and differences between these guidelines and current practice, as shown 264 
by our survey, are summarized in Table 4.  265 
Overall, the most striking similarity between guidelines and local implementation, is the 266 
preference for enteral nutrition and its early initiation in critically ill children.  267 
A specialized nutrition support team and aggressive feeding protocols are recommended by the 268 
A.S.P.E.N guidelines for critically ill children (grade E) [11]. While availability of a protocol is 269 
associated with a lower prevalence of hospital-acquired infections [3], the implementation of a 270 
support team or an enteral nutrition algorithm has been reported to lead to an increase in EN 271 
use and energy intake, but with inconclusive effect on patient outcome [23-25].  Our survey 272 
showed that a nutritional protocol and/or nutritional support team were available to most PICUs, 273 
but we found no significant effect on intake and use of EN in the point prevalence. 274 
The ESPEN/ESPGHAN guidelines prefer the measurement of REE to the use of equations. The 275 
A.S.P.E.N. guidelines recommend targeted use of indirect calorimetry (IC) in a select group of 276 
patients with suspected metabolic alterations or malnutrition if IC is available (Table 4). Both 277 
state that in the absence of IC, reasonable values can also be derived from formulas, e.g. 278 
Schofield, but only when applied without the use of universal correction factors (stress factors) 279 
(grade D) [12]. Several other sources state that nutritional therapy should be targeted on energy 280 
expenditure (EE) throughout the course of illness [26-28]. However, due to the limited 281 
availability and practice of indirect calorimetry [13, 29], and due also to inaccurate predictive 282 
equations [27, 28, 30-33], it is difficult to assess REE in critically ill children. Use of the WHO 283 
and Schofield equations, the equations most commonly used to determine requirements, may 284 
lead to underfeeding and overfeeding thereby impacting morbidity and mortality [3, 6, 34]. We 285 
confirmed the finding of previous studies [13] that indirect calorimetry to measure EE is used in 286 
a small minority of PICUs; in 14% of PICUs worldwide and 20% of PICUs in Europe. In contrast 287 
with both guidelines, energy needs were calculated with use of correction factors in the majority 288 
of PICUs in absence of IC. Remarkably, in the point-prevalence 1/3 of the children on exclusive 289 
EN received less calories than BMR calculated by the Schofield or WHO formula. 290 
Timing of nutrition is not widely covered by the pediatric ESPEN/ESPGHAN and A.S.P.E.N. 291 
guidelines (Table 4). The adult guidelines from the same societies agree on the importance of 292 
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early enteral nutrition but contain contradictory recommendations regarding parenteral nutrition 293 
[16, 17, 35]. The importance and benefits of early enteral nutrition are generally accepted in 294 
previous studies in adults and children [1, 36-43], and in critically ill children a higher intake by 295 
enteral route is associated with a lower 60-days mortality [3]. In our survey as well as in the 296 
point-prevalence EN and PN were both initiated early; within 24 and 48 hours respectively. 297 
Overall, characteristics of EN support were quite similar between PICUs. The difference in PN 298 
initiation time between Europe and North America could reflect the contradictory 299 
recommendations in adult guidelines in these regions, which agree on the importance of early 300 
EN but not on the time at which PN should be started [17, 35, 44-46]. The optimal timing and 301 
dose of PN is still under debate, despite recent large randomized trials in critically ill adults [47-302 
50]. 303 
Post-pyloric feeding may be considered as route of EN in children at high risk of aspiration, but 304 
guidelines fail to recommend an appropriate site for enteral feeding. Although post-pyloric 305 
feeding might improve caloric intake [51], most patients evaluated in our survey and point-306 
prevalence were fed by the gastric route with no different intake than children fed post-pyloric 307 
(point-prevalence). The time to feed patients exclusively by the enteral route was short; 59% of 308 
respondents thought their PICU was able to feed their patients within 3 days, but overestimated. 309 
Only 60% of the patients of the point-prevalence were actually on exclusive EN within the time 310 
frame mentioned in the survey. Also prospective data from PICUs on enteral nutrition show that 311 
only 38-86% of energy goals were administered via this route [8, 52].  312 
The glucose targets in the ESPEN/ESPGHAN pediatric guidelines are supported by limited 313 
evidence, where the A.S.P.E.N guidelines do not provide recommendations on macronutrient 314 
intake due to insufficient data.  In our survey glucose intake targets during the first 12-24 hours 315 
tended to range between 2-6 mg/kg/min and decreased with increasing weight. The upper limit 316 
of glucose intake for hospitalized children provided in the ESPEN/ESPGHAN guideline (5 317 
mg/kg/min in critically ill children, based on the maximal oxidation rate [53]) was exceeded by 318 
more than 7% of PICUs. Additionally, our point prevalence showed that in 75% of the patients 319 
glucose intake differed from the glucose targets mentioned in the first part of the survey. 320 
However, we should be very careful to draw conclusions from that number, because only 20 321 
children received glucose infusion exclusively during the first 24 hours of admission. 322 
Target blood glucose levels varied between tight control as reported by Vlasselaers et al [22] 323 
and a target glucose < 10 mmol/L. This discrepancy in definitions and implementation in 324 
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glucose management has been highlighted before [54-57]. Glucose management is known to 325 
impact outcome and recovery, but uncertainties about risks and benefits remain [22, 58, 59]. 326 
The strength of our study is the fact that we surveyed the local nutritional strategies as well as 327 
their implementation in clinical practice, and, to our knowledge, that this is the largest study on 328 
nutritional support and practice in PICUs so far in terms of number of responses and 329 
international distribution. Furthermore it is the only study to cover 6 continents and both low and 330 
high-income countries.  331 
However, no response rate can be calculated since it is not known how many PICUs are 332 
represented by the WFPICCS database. Based on the number of PICUs in countries joined in 333 
the WFPICCS, identified in the literature (at least 969 PICUs in total), our data from 156 PICUs 334 
represent a small proportion of all PICUs worldwide. Our study may also be limited by the 335 
possibility that non-respondents of this survey were less interested in nutritional practices 336 
leading to a selection bias and possible distorted reflection of nutritional practices. On the other 337 
hand, this selection-bias may enforce our conclusion, if even in the nutrition-minded 338 
respondents, adherence to available guidelines is limited. Finally, many of the questions 339 
required an unambiguous answer, which may have been difficult due to the varied nature of the 340 
PICU population. We therefore asked our respondents to provide the most applicable answer.  341 
Nevertheless, our survey clearly demonstrates the international variety of nutritional practice in 342 
critically ill children and the differences due to the limited available guidelines; especially on 343 
macronutrient administration and calculation of energy targets. 344 
 345 
Conclusion 346 
In terms of requirements, timing and route, nutritional practices among critically ill children vary 347 
greatly between PICUs worldwide. Even the limited available guidelines are not consistently 348 
followed and high-level evidence is urgently needed. The potential impact of the lack of uniform 349 
nutritional practices on outcome highlights the need for evidence based guidelines that are 350 
implemented consistently. 351 
 352 
  353 
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Figure legends 552 
 553 
Figure 1. Participating countries (in grey). 554 
 555 
Figure 2. Caloric intake in different age categories in the point-prevalence; p < 0.001 when 556 
comparing intake in the 3 different age categories (Kruskal-Wallis test) 557 
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Figure 3. Early initiation of enteral and parenteral nutrition. 559 
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Figure 4. Varying target glucose intake in the first 24 hours of admission. 562 
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 568 
Tables 569 
Table 1. PICU characteristics of the first (n=156) and point-prevalence part (n=42) of the survey 570 
Characteristic Number of PICUs (%) 
 Part 1: survey 
N=156 
Part 2: point-
prevalence  
N=42 
Continent 
Asia 
Africa 
Europe  
North-America  
Oceania 
South-America 
 
37 (24%) 
5 (3.2%) 
48 (31%) 
33 (21%) 
9 (5.8%) 
24 (15%) 
 
9 (21%) 
2 (4.8%) 
17 (41%) 
3 (7.1%) 
2 (4.8%) 
9 (21%) 
Income category (country) 
Low 
Lower middle 
Upper middle 
High 
 
1 (0.6%) 
20 (13%) 
49 (31%) 
86 (55%) 
 
0 (0.0%) 
2 (4.8%) 
15 (36%) 
25 (60%) 
Hospital type 
General hospital 
University hospital 
Children’s hospital 
University-children’s hospital 
 
31 (20%) 
51 (33%) 
20 (13%) 
48 (31%) 
 
7 (17%) 
15 (36%) 
4 (9.5%) 
14 (33%) 
Type of PICU 
Multidisciplinary/mixed 
Cardiac 
Medical 
 
135 (86%) 
6 (4.0%) 
8 (5.1%) 
 
36 (86%) 
2 (4.8%) 
2 (4.8%) 
Combination of PICU 
With adult ICU 
With Neonatal ICU 
With adult and neonatal ICU 
Not combined 
 
9 (5.8%) 
25 (16%) 
3 (2.0%) 
119 (76%) 
 
1 (2.4%) 
8 (19%) 
0 (0.0%) 
33 (79%) 
Size of PICU 
1-10 beds 
11-20 beds 
21-30 beds 
>30 beds 
 
76 (49%) 
51 (33%) 
23 (15%) 
6 (3.5%) 
 
20 (48%) 
14 (33%) 
7 (17%) 
1 (2.4%) 
21 
 
Ventilated patients 
< 25% 
25-50% 
50-75% 
>75% 
 
22 (14%) 
55 (35%) 
49 (31%) 
30 (19%) 
 
5 (12%) 
13 (31%) 
14 (33%) 
10 (24%) 
Table 2. Characteristics of nutritional protocols 571 
Characteristic Number of PICUs (%) 
Total 156 
Protocol available 82 (52%) 
Information in protocol 
Assessment of energy requirements 
Protein requirements 
Management of GRV 
Type of EN 
Amount of EN 
Composition of PN 
Amount of PN 
 
72 (89%) 
65 (81%) 
57 (71%) 
72 (89%) 
75 (94%) 
71 (88%) 
72 (89%) 
Protocol age/weight differentiated 
Not 
For EN 
For PN 
For both EN and PN 
 
6 (7.7%) 
8 (10%) 
7 (8.7%) 
59 (74%) 
GRV: gastric residual volume; EN: enteral nutrition; PN: parenteral nutrition 572 
 573 
 574 
Table 3. Parenteral lipid emulsions used in the PICU (more than 1 answer possible per PICU). 575 
Lipids by brand   Type Number of PICUs (%) 
Intralipid 100% soy based 101 (65%) 
SMOFlipid 30% soy, 25% olive oil, 15% fish oil, 30% MCT 44 (28%) 
Omegaven 100% fish oil 16 (10%) 
Clinoleic 80% olive oil, 20% soy 27 (18%) 
Lipoplus 10% fish oil, 40% soy, 50% MCT 5 (2.9%) 
Lipofundin 100% soy based 4 (2.2%) 
576 
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Table 4.Overview of nutritional recommendations by A.S.P.E.N. and ESPEN/ESPGHAN and clinical practice. 577 
Element  A.S.P.E.N. (2009 [11]) ESPEN/ESPGHAN (2005 [12]) Our survey 
Target group Nutrition in critically ill 
children 
Parenteral nutrition in children 
Special sections for critically ill 
children 
Nutrition in critically ill 
children 
Nutrition 
assessment 
Screening to identify (risk 
of) malnutrition 
Regular measurements of 
height, weight and head 
circumference (<3 years). Skin 
fold thickness and mid arm 
circumference reflect body fat 
and protein. Biochemical 
measurements are not ideal 
Nutritional status 
administered on 
admission and during 
stay, mostly by weight 
(94%), height (50%) and 
biochemical 
measurements (60%). 
Nutritional 
protocols/support 
Support team and protocols 
may enhance delivery of 
nutrition, no effect on 
outcome. 
A NST should monitor the 
process of parenteral nutrition 
Nutritional support team 
(56.8%) and protocol 
(52.4%) available to most 
PICUs, no effect on 
caloric intake or % EN. 
Energy 
requirements 
EE assessed throughout 
course of illness. Standard 
equations often unreliable 
for estimate of EE. IC 
desirable in subgroup of 
patients, if not available, 
energy provision based on 
formulas without correction 
factors. 
Reasonable values for EE from 
prediction equations without 
stress factors. Measurement of 
REE may be useful in the 
individual patient. 
Standard equations 
commonly used; in 70% 
of PICUs in combination 
with correction factors, as 
fever (41%), diagnosis 
(54%) and growth (59%). 
IC available in 14% of 
PICUs. 
Timing of 
nutrition 
No recommendations. 
Current practice is initiation 
of EN in 48-72 hours. 
Time of initiation of PN will 
depend on individual 
circumstances and age and 
size of the child. Inadequate 
nutrition up to 7 days may be 
tolerated in older children. 
Early initiation of EN and 
PN. Supplementation of 
inadequate EN with PN in 
majority of PICUs. 
Reaching nutritional 
targets by EN remains 
challenging. 
Macronutrient 
intake 
Insufficient data at moment 
of publication to make 
Only parenteral 
recommendations 
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evidence-based 
recommendation 
Glucose 
 
 Glucose intake in critically ill 
children limited to 5 mg/kg/min 
 
Varying glucose targets, 
mostly 2-6 mg/kg/min 
Median glucose intake 
first 24 hours 1.7 
mg/kg/min 
Protein 0-2 years: 2-3 g/kg/day 
2-13 years: 1.5-2 g/kg/day 
13-18 years: 1.5 g/kg/day 
Neonates: 1.5-3 g/kg/day 
2 months-3 years: 1.5-2 
g/kg/day 
3-18 years: 1-2 g/kg/day 
Critically ill children (3-12 years 
old): 3 g/kg/day amino acids 
Varying protein targets, 
66% not meeting target 
 
Lipids (iv) Most centers start at 1 
g/kg/day and advance over 
a period of days to 2-4 
g/kg/day with monitoring of 
TG levels 
All children: infants max. 3-4 
g/kg/day lipids, older children 
2-3 g/kg/day. In PICU: more 
frequent monitoring and 
adjustment to TG concentration 
Lipid target predominantly 
1.5-2.5 g/kg/day, adjusted 
to TG concentration 
Route of nutrition EN preferred, if tolerated. 
PN if EN in insufficient. 
Insufficient data to 
recommend appropriate 
site. Gastric route is 
preferred, post-pyloric may 
be indicated to improve 
caloric intake or in children 
at high risk of aspiration or 
intolerant to gastric feeds 
No recommendations on EN EN preferred. PN if EN is 
insufficient. 
Gastric route is preferred 
in ventilated (67%) and 
non-ventilated (88%) 
patients.  Prokinetics are 
used if a patient is not 
tolerating feeds. 
Immunonutrition Not recommended based 
on available literature at 
moment of publication 
Not recommended based on 
available literature at moment 
of publication 
No data 
PICU: pediatric intensive care unit; NST: nutritional support team; EN: enteral nutrition; PN: parenteral nutrition; REE: 578 
resting energy expenditure; TG: triglycerides; IC: indirect calorimetry 579 
 580 
  581 
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Supplement: Table 1. Adjusted Odds ratios per continent. 582 
PICU variable OR (95% CI) p 
Nutritional protocol 
Asia 
Africa 
North-America 
South-America 
Oceania 
Europe (reference) 
 
3.96 (1.53-10.25) 
+∞ 
3.96 (1.35-11.66) 
0.95 (0.33-2.76) 
0.87 (0.25-3.06) 
 
0.005 
* 
0.013 
0.92 
0.83 
Nutritional support team 
Asia 
Africa 
North-America 
South-America 
Oceania 
Europe (reference) 
 
1.2 (0.51-2.83) 
+∞ 
0.32 (0.13-0.79) 
0.17 (0.05-0.59) 
0.11 (0.02-0.62) 
 
0.68 
* 
0.14 
0.005 
0.013 
 
Protein target by A.S.P.E.N. 
Asia 
Africa 
North-America 
South-America 
Oceania 
Europe (reference) 
 
0.7 (0.27-1.81) 
+∞ 
0.31 (0.12-0.76) 
0.72 (0.24-2.17) 
1.05 (0.32-3.47) 
 
0.46 
* 
0.01 
0.56 
0.94 
Protein target by ESPEN/ESPGHAN 
Asia 
Africa 
North-America 
South-America 
Oceania 
Europe (reference) 
 
3.00 (1.29-6.99) 
+∞ 
15.6 (4.18-58.28) 
1.3 (0.53-3.22) 
6.4 (1.06-38.84) 
 
0.011 
* 
<0.001 
0.57 
0.044 
Start of enteral nutrition 
Asia 
Africa 
North-America 
South-America 
Oceania 
Europe (reference) 
 
1.31 (0.50-3.46) 
+∞ 
2.08 (0.79-5.49) 
1.19 (0.42-3.38) 
0.17 (0.04-0.67) 
 
0.58 
* 
0.14 
0.74 
0.012 
Start of parenteral nutrition 
Asia 
Africa 
 
3.43 (1.43-8.22) 
+∞ 
 
0.06 
* 
25 
 
North-America 
South-America 
Oceania 
Europe (reference) 
3.10 (1.53-6.29) 
0.92 (0.36-2.35) 
1.50 (0.56-4.01) 
0.002 
0.85 
0.42 
Glucose intake children < 10 kg 
Asia 
Africa 
North-America 
South-America 
Oceania 
Europe (reference) 
 
0.64 (0.19-1.1) 
+∞ 
0.44 (0.21-0.92) 
0.73 (0.29-1.87) 
0.40 (0.14-1,14) 
 
0.087 
* 
0.029 
0.507 
0.085 
OR: Odds ratio  583 
*Because the estimated odds ratio converged to 0 or infinity, Wald confidence intervals and p-values could not be 584 
calculated 585 
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